Introduction
Microstrip antennas are attractive for their low cost, low profile and conformal characteristics. The use of such kind of antennas mounted on spherical bodies can be demonstrated in aeronautics and military areas. Previous works on microstrip antennas on spherical bodies most often used approximated methods, like cavity method [1] , and electric surface current method [2] . The input impedance was usually determined using the effective loss tangent of the cavity [3] or the generalized transmission line method [4] . In [5] the Moment method is used in a spherical annular microstrip antenna but only the harmonic modes on the path were used to compute the input impedance. In [6] a spherical rectangular microstrip antenna is analyzed using just one harmonic mode, while the probe self impedance is not taken into account in the impedance calculation. In this work 1 we perform a full-wave analysis of spherical rectangular microstrip antennas using method of moments. We also introduce an attachment current [7] , which avoids the singularity caused by the probe and assures the continuity of the current in the probe/patch connection. The use of the attachment mode reduces the number of basis functions, speeding up the calculations.
Theoretical Formulation
The geometry of the spherical rectangular microstrip antenna is shown in fig. 1 . A perfect electric conducting sphere with radius r 1 is covered by a dielectric layer with thickness δr and relative permittivity r . A patch of perfect electric conductor is placed on the dielectric layer, limited by the angles θ 1 and θ 2 (θ 2 = θ 1 + δθ), and by φ 1 and φ 2 (φ 2 = φ 1 + δφ), in spherical coordinates. The antenna is fed by a coaxial line with a known radial current J probe , as the dielectric layer has a small thickness compared to the wavelength in the dielectric. The probe is formed by four radially directed surface currents placed on the side walls of a spherical sector limited by the angles θ f 1 and θ f 2 , and by φ f 1 and φ f 2 , in spherical coordinates.
Attachment Current and Method of Moments
As mentioned above the use of attachment currents [7] assures the continuity of the feed current, avoiding the otherwise resulting singularity. In order to certify that the current is continuous at the connection region, we introduced an attachment current J att formed by four exponentially decaying surface currents, one for each side of the probe, and limited by the microstrip boundaries. Now, the current formed by the The patch current is written as the sum of the attachment current and a set of sinusoidal basis functions, which amplitudes are to be determined, following the method of moments [8] . The integral equation results from imposing the boundary conditions at the microstrip surface. Applying the Galerkin's procedure, the basis functions are used as test functions generating a matrix problem. The solutions of this problem are the basis current amplitudes. Through the normalized FourierLegendre Transform [6] , which is applied over the currents and fields on the surface r = r 2 the elements of the Impedance matriz and Voltage vector in the method of moments can be obtained and they are respectively given by:
where the matrix G E t (n, r 2 ) is the Green's function in the transform domain [2] that relates the tangential electric field with the surface electric currents, both on r = r 2 . AndJ eqprobe (n, m) is the transform of the equivalent surface current in r = r 2 , which produces in the free space the same field produced by the probe current.
Input Impedance
The input impedance of the antenna is given through the reciprocity by:
The portions of Z in corresponding to J probe and J att are individually divergent. This is caused by charge accumulations at the connection probe/microstrip. An alternative to overcome these singularities is to introduce currents with the same singular characteristic without changing the original problem. A singular current is obtained when the microstrip is replaced by a perfect conducting shield covering the entire dielectric layer. This structure represent a probe excited spherical cavity. The induced current on the shield surface, called J c , can be added and subtracted as follows:
Now we can identify individually convergent terms:
Results and Conclusions Fig.2 compares the results obtained using the present formulation with those previously shown in [6] . The patch can be considered rectangular with dimensions 2.5cm (inθ direction) and 4.0cm (inφ direction) and centered on the XY plane. The radial dimensions are r 1 = 10.0cm and δ r = 1.58mm. The probe is centered inφ direction, but 1.1cm out of the center inθ direction. We can observe that the resonances occur in different frequencies, caused by the more accurate analysis, which was done here. We have used 100 base functions on each direction, while [6] has used only one base function. This work presented a full-wave analysis of a spherical rectangular microstrip antenna using method of moments, emphasizing the use of an attaching current in the modeling of the pach currents and calculation of its input impedance. Re(Z in ) Im(Z in ) Re(Z in ).ref [6] Im(Z in ).ref [6] Figure 2: Input Impedance -Rectangular Patch [6] with 2.5 cm × 4.0 cm centered on XY plane, r 1 = 10cm and δ r = 1.58mm, probe 1.1cm out of the patch center
